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(71) We, UOP INC, a corporation organized under the laws of the State of 
Delaware, United States of America, of Ten UOP Plaza, Algonquin & Mt. Prospect 
Roads, Des Plaines, Illinois, United States of America, do hereby declare the invention, 
for which we pray that a Patent may be granted to us, and -the method by which it is 
5 to be performed, to be particularly described in and by the following Statement: — 

The field of art to which the claimed invention pertains is zeolitic adsorbent 
production. More specifically, the invention relates to a method of manufacturing 
an adsorbent having improved characteristics for the separation of an extract com- 
ponent from a feed mixture comprising an. extract component and a raffinate 

^ m ^ur D spending GB Patent Application No. 19016/74 (Serial No. 1,4*6,577) 
claims a method of manufacturing a solid adsorbent for the separation of para-xylene 
from a mixture of Q aromatic hydrocarbons which method comprises the steps of: 

(a) contacting a precursor mass containing type X or type Y zeolite and amor- 

15 phous material with an aqueous sodium hydroxide solution at first ion exchange 15 

conditions to effect the addition of sodium cations to the zeolite structure; 

(b) treating the sodium-exchanged mass at second ion exchange conditions to 
effect the essentially complete exchange of sodium cations with barium or barium 

and potassium cations ;_and _ « rt 

20 (c) " drying" "the "resulting" exchanged mass at conditions to reduce the loss on 

ignition at 900°C to less than 10 wt%. t ' . 

It will be seen that the only disclosure of .specific exchanges in step (x>) in that 
specification is the essentially completely cschaag&aoj sodium cations by barium 
cations or barium and potassium cations. ■ . ,■ OQ 

25 We have discovered that ion-exchanging particles of a precursor mass comprising to 

type X or type Y zeolite with an aqueous solution of sodium hydroxide, prior to the 
ion exchange not only with Ba or Ba+K cations but with cations of Groups IA, IIA 
and IB in general, produces an adsorbent possessing faster adsorption-desorption rates 
when used in processess to separate an extract component from a raffinate component 

30 both of which appear in feed mixtures fed to the processes. The reason for this is 
not entirely understood but it is hypothesized that the ion-exchange of the precursor 
mass with aqueous sodium hydroxide replaces extraneous non-sodium cations, such 
as H+ or Group IIA cations, present in the precursor. mass and occupying exchange- 
able sites within the zeolite thereby permitting higher amounts of the selected canons 

35 to be added during a subsequent ion-exchange step. 35 
According to the present invention therefore there is provided (subject to the 
disclaimers hereinafter) a method of manufacturing a solid adsorbent which method 
comprises the steps of: (a) contacting a precursor mass comprising X or Y zeolite 
with an aqueous sodium hydroxide solution at first ion exchange conditions to effect 

40 the addition of sodium cations to the zeolite structure; (b) treating the sodium- 40 
exchanged mass at second ion exchange conditions to effect the essentially complete 
exchange of sodium cations with cations of one or more metals selected from Group 
IA, Group IIA, and Group IB of the Periodic Table of Elements; and (c) drying 
the material at conditions to reduce the LOI at 900°C to less than 10 wt%. 

45 The adsorbent produced by the method of the invention is useful in such adsorp- 45 



30 



V 0 ' 



1,589,213 



tive seDaration processes as: a process for the separation of pinene isomers, a process 

«srS5£t£? <* b »«**- 1 from <*« <? T no f^' a process H ?JS 

tetra-alkvl substituted monocyclic aromatic hydrocarbon isomers, and a process for 
KSrt- * dTpara-isomer from a hydrocarbon feed mixture compnsmg attest 
two bi-alkyl substituted monocyclic aromatic isomers, the isomers havmg f ran 8 
to aboutlS carbon atoms per molecule. In particular, adsorbents produced by die 
meS of the invention are useful for selectively adsorbing all of the xylene isomers 
£ 7 feed swam T die substantial exclusion of ethylbenzene to enable jecovermg , of 
Sgb purity ethylbenzene (see our copending GB Patent Apphcanon No 29044/76 
- Serial No. 1,550,391), and also for separating components of a feed mature com- 
prising a teiosT and an aldose (see our copending GB Patent Application No. 
22240/77 — Send No. ^^• ahuninMaicateg or herein contemplated 

can be described as a threeiimensional network of fundamental structural units con- 
sktintof suicon-centered SiO. and aluminum-centered AlO, tetrahedra mte^onnected 
bv a mutual sharing of. apical oxygen atoms. The space between the tetrahedra is 
oLipiedX water Molecules and suteequent dehydration or partial dehydration results 
toTmstal Structure interlaced with channels of tnolecular dimension. 

This tte crystalline aluminosilicates are often referred to as molecular sieves 
and 3mtio£ pffimll with molecular sieves are generally bought to take place 
bv a physical "sieving" of smaller from larger molecules appearmg m die feed 
LVrin Ae separation of aromatic hydrocarbon isomers, however, the separatum 
KHsome^ aP ?aS occurs because^ differences in decaochentical attraction 
of Se dSC isomers <md the adsorbent rather than on pure physical size differences 

" X S5rf£?*e preferred crystalline aluminosilicates generally encompass 
those zeolites represented by the formula 1 below: 

Formula 1. 
M lrt O: Al s O,:wSi0 2 :yH*O 
where "M" is a cation which balances the electrovalence of the tetrahedra and is 
Morally referred to as an exchangeable cationic site, "n" represents the valence of 
Ae cltion"w" represents the mote of SiO„ and "y" represents the moks of water. 
SeS may & any one of a number of cations which will hereinafter be described 

m d< AdLbent S comprising the type X structured and type Y souctured [zeolites are 
espeda^pleflrred for the adaptive separation of aromauc Mrocarbon isom era 
Theodolites are described and defined in U.S. Patents 2,882,244 and I 3,120,007 
resP^ti^y The terms "type X structured" and "type Y structured" zeolites as used 
herem 3 include all Oolites which have general structures as represented in the 

^The xC^zeolite in the hydrated or partiaUy hydrated form can 
be I ei«8en^Tr«afflK K ttf^f'.«ddes as shown in formula 2 below: 

Formula 2. 

(0.9 + 02)M s( „O:Al 2 O,: (2.5 ± 0.5)SiO 2 : yH.O 
where "M" represents at least one cation having a valency of not more man 3, n 
repretenttthe valence of «M" and «f is a value up to £°2 
of "M" and the degree of hydration of the crystal. The canon M may De one 
or more of a numbefof cations such as the hydrogen cation, the alkali metal canon 
or die alkaline earth cations or other selected cations, and is generally referred to as 
an exchangeable "J 1 ^ ^ ^ hydmed or p^aUy hydrated form can be 
similarly represented in terms of mole oxides as in formula 3 below: 

Formula 3. 

(0.9±0.2)M l/ .O:Al a O,:wSKV.yH,O 

where "M" is at least one cation having a valence not more than 3, n repe^ 
me 4fcnce of "M", "w" is a value greater than 3 up to 8, and "y" is a value up 
? 9fcpeXg upoA the identity of "M", and the degree of hydration of . the crystal 
The terms "type X zeolite" and "type Y zeolite" as employed herein refer not 
only to tie X structured and type Y structured zeolites contammg sodium cations 
aTme cation "M" indicated in the formulas above but also refer to those contammg 
otiiS aSnal cations such as hydrogen cations, the alkah ^^^L^ 
alkaline earth cations. Typically both the type X and type Y structured zeolites as 
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initially prepared and as used as a base material for the special adsorbent described 
herein are predominandy in the sodium form but they usually contain any or a 
of the cations mentioned above as impurities. The term "exchanged . canonic sue 
generally refers to the site in the zeolite occupied by the canon M . This canon, 
usually sodium, can be replaced or exchanged with other specific cations, depending 
on the type of the zeolite to modify characteristics of the zeo ite. 

The precursor mass may be any type X or type Y zeolite-contaimng starting 
material used to make the special adsorbent described below. Generally die Precursor 
mass wUl- be in the form of particles such as extrudates, aggregates, tableB, pdls, 
macrospheres, or granules produced by grinding any of the above to a desired size 
range The type X or type Y zeolite can be present m the precursor mass in con- 
ations generally ranging from 75 wt.% to 98 wt % of the precursor mass based 
on a volatile free composition. The remaining material in the precursor mass generally 
comprises amorphous £lica or alumina or both which is present in mtimate nuxwre 
with the zeolite material. This amorphous material may be an adjunct of the manu- 
racmring process of the type X or type Y zeolite for example, mtennonaUy mcomple e 
SSon of the zeolite during its manufacture) or it may be added to the relanvely 
pure zeolite to aid in forming or agglomerating parades of the zeolite. 
P One example of a precursor mass is commercially available nominal 1/15-mch 
extrudate comprising 13X zeolite and a minor amount of amorphous material as 
otodeT This precursor mass is primarily in the sodium form; that is, the canon rep- 
!e w«l as "M." in formula 2 above is primarily sodium. By chemical analyse the 
Nato /AljO. ratio of this precursor mass is usually 0.7:1 or less and can typically be 
about Of K 1 This, of course, is less than the 0.9 ±0.2:1 indicated in formula 2 
above. Other cations such as H+ and any of die Group HA metal canons may be 
present primarily as impurities, to supply the remainder of the canons needed for 
cnemtaubZJand to meet the 0.910.2^,0/^0, " f «J ro riumma 
ra t ™ of this starting material by X-ray determinanon is about 2.5 and die : same 
rauo by^hendcal analysis is about 2.6. Normally the precursor mass whedier in 
the extrudate or pellet form is granulated to a parade size range of 20-40^ mesh 
(Standard U.S. M«sh) before the first ion exchange step is begun. This is approxi- 
mately the desired partide size of the finished adsfirbent . 

^e tovefound^at treating a type X or type Y precursor mass with a ddute 
aqueous sodium hydroxide solution prior to a subsequent ion exchange of the treated 
base material to effect die replacement of sodium canons at the exchangeable canonic 
sTleSed cations ofone or more Group IA, HA or IB metals produce ms 
superior adsorbent when used in a process for the separanon of an com^nent 
from a feed mixture comprising an extraa component and a raffinate component. 
Thfc wamTenTsrep is in die nature of an ion exchange step (and will hereinafter be 
Srr^Tafthe P first ion exchange) since the NaOH solution replaces non-sodium 
Spurities hi the type X or type Y zeolite contained in the precursor mass thereby 
cZe^ting die zeoUte essentially completely to the sodium form.. More specifically, 
r~ produL an acceptable adsorbent it is preferred that die sodium content of the 
WarSng material, as characterised by the weight rauo Na,0/Al s O, be inch ed 
to a ratio greater than 0.7:1 and more preferably from 0.75:1 to 1:1. The first ion 
excnan^ SLs are preferably so regulated to achieve this degree oj in .exchange 
Increasing the sodium content of the precursor mass appears to permit a higher 
loading into die zeolite of one or more other sdected canons during a second sub- 
sequent Ton exchange thus producing, for reasons not fully understood, a superior 
aSn It Is the£ selected cations and the SiO,/AW>, ratio of the ^hte wh^ch 
determines the adsorbent properties (hereinafter discussed in more detail) which make 

this step additionally removes a small amount of silica and alumma. Toul sd.ca 
and alumina removal from the precursor mass is usually from 1 to 15% and is gener- 
ally in the range of 1 to 5 wt.%. Analyses indicate that the bulk of both soluble 
and insoluble material removed from the base material is aluminum as alumina 
or sodium aluminate. At least a portion of the alumina extracted appears to be froin 
the zeolite itself rather than from any amorphous material since there is some nominal 
loss of zeolite as detected by X-ray analysis after this step. It is not known whether 
the small amount of silica removed from the precursor mass came from the crystalline 
(zeolite) portion or the amorphous portion of the base material. 

The degree of ion exchange and extraction of alumina achieved is a funcnon 
of the three variables of caustic concennation, temperature at which the ion exchange 
is conducted, and the length of time the ion exchange is continued. 
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The sodium hydroxide used to prepare the aqueous sodium hydroxide solution 
should be of high purity having very low levels of both other Group IA impurities 
and Group IIA impurities. Suitable concentrations to obtain the desired ion exchange 
can be from 0.5 to 10 wt.% of the sodium hydroxide with the preferred concentration 
5 being from 0.5 to 5 wt.%. By using solutions containing sodium hydroxide within 

these ranges of concentration, the desired ion exchange can be obtained at tem- 
peratures from 50 to 250°F. with temperatures from 150 to 250°R being especially 
preferred. Operating pressure is not critical and need only be suffiaent to ensure 
a liquid phase. Operating pressures can range from atmospheric pressure to 100 
10 psig/ The length of time required for the ion exchange win usually vary, depending 

upon the solution concentration and temperature, from 0.5 to 5 hours. Within the 
above preferred concentrations and temperature ranges, a contact tame which has been 
shown to be especially preferred is 2 to 3 hours. Continuous or batch-type operations 
can be employed. The ion exchange step will be controlled so that the zeolite struc- 
15 ture will not be destroyed. The final product will as a general rule have a Na 2 0/Al*0 8 i:> 

ratio greater than 0.7:1 and more preferably from 0.75:1 to 1:1. 

After the first ion-exchange step the sodium exchanged particles are treated at 
second ion-exchange conditions to effect the essentially complete exchange of the 
sodium cations at the exchangeable cationic sites in the zeolite with one or more 
20 other selected cations. _ _ 

The cations which may be placed upon the zeolite are selected from one or 
more of the metals of Group IA, Group IIA, and Group IB of the Periodic Table 
of Elements, subject to the disclaimers hereinafter. In particular, adsorbents com- 
prising type X zeolites containing cations of one or more metals selected from 
25 lithium, rubidium, cesium, beryllium, magnesium, calcium, strontium, copper and ^ 

silver with or without potassium and/or barium, or containing potassium cations, 
at the exchangeable cationic sites, and adsorbents comprising type Y zeolites con- 
taining cations of one or more metals selected from lithium, berylhum, magnesium, 
calcium, strontium, copper and silver, with or without potassium, rubidium, cesium 
30 and/or barium, at the exchangeable cationic sites, can be used in various separation JU 

processes for the separation of an extract component from a feed mixture comprising 
an extract component and a rafi&nate component. 

Cationic or base exchange methods are generally known to those familiar with the 
field of crystalline aluminosilicate production. They are generally performed by con- 
tactine the zeolite with an aqueous solution of the soluble salts of the cation or 35 
catioS desired to be placed upon the zeolite. The desired degree of exchange takes 
place and then the sieves are removed from the aqueous solution, washed, and dried 
to a desired water content. It is contemplated that cation exchange operations may 
take place using individual solutions of desired cations to be placed on the zeolite 
or using an exchange solution containing a mixture of cations, where two or more 
desired cations are to be placed on the zeolite. . ' 

When singular cations are base exchanged upon a zeolite the singular _ cations 
can comprise anywhere from 5 up to 75 wt.% on a relative volatile free *asis of 
the zeolite depending upon the molecular weight of the material exchanged upon the 
45 zeolite. It is contemplated that when single ions are placed upon the zeolite that they 4* 

may be on the zeolite in concentrations of from 1% to 100% of the original cations 
present (generally sodium) upon the zeolite prior to its being ion-exchanged. By 
knowing die empirical formula of the zeolite used, its water content and the percentage 
of any amorphous material or binder present if any, it is possible to calculate the 
50 percentage of ion exchange that has taken place. 

When two or more different cations are placed upon the zeolite there is an 
additional parameter in which one can operate in order to effectively produce a 
. zeolite having the desired properties. Besides the extent of the zeolite ion exchange, 
which is determined by variables such as the length of ion-exchange times, ion- 
55 exchange temperature, and cation concentrations, one can also vary the nwof 

individual cations placed on the zeolite. In instances m which the cation pairs com- 
prise a Group. IIA metal and a Group IA metal the weight ratio of taej two corn- 
bonents upon the zeolite can vary anywhere from less than one up to two hundred 
depending upon the molecular weight of the Group HA or Group IA metaL 
60 Second ion-exchange conditions generally include a temperature of from 50 F. OU 

to 250°F. and a pH sufficient to preclude the formation of the hydrogen form of 
the zeolite. The pH is therefore usually greater than 7 and preferably within the 
ranee of 7 to 101 Operating pressure is not criucal and need only be suffiaent to 
insure a liquid phase Operating pressures can range from atmosphenc Pressure to 
150 pstg The length of time for the essentially complete exchange of the sodium 65 



40 



50 



55 



65 



1,589,213 



cations is generally from 0.5 to 5 hours depending upon die «"«2^|Jl£ 
cation in the ion exchange medium and the temperature. The term «*£ 
olete exchange" as used herein means that the sodium cation content of the base 
£Lu£Ln reduced to 2.0 wt.% or less and more pre erably to 1 wL£«k» 
When the adsorbent is to contain more than one cation at the exenangeame 
cationic shes it "preferred that the second ion exchange be done m more than one 
S each step be£g an ion exchange with an aqueous solution containing a smgk 
cadon For eLnpkf if the adsorbent were to be required to contain both banum 
^?botas°mm?i>e odium exchanged particles, produced by the first ion exchange 
wuld be ion exchanged first with an aqueous solution or a potassium salt, .P*ferably 
^ueoursolution of potassium chloride, for a time sufficient to reduce the sodium 
cations m less than 2 wt!% of the zeolite and yield the potassium form .of _the zeolite. 
The exchange could be either a continuous or a batch type operation. The lon-ex- 
dw£ «uf stably be accomplished on passing a 7 wt.% aqueous potassium 
effide Xion through a bed of the sodium-exchanged pamdes at about 1 80 R 
at a liquid hourly space velocity of about one until a total of approximately 13 1 pounds 
of solution per pound of said particles had been passed in contact therewith SmaU 
of DOtassium hydroxide would usually be added to the ion exchange soluuon 
^Sam Cm ^solution within the Lge of from 7 to 10 Since *e primary 
mimose of the sodium cation ion exchange was to remove hydrogen canon (and 
S^tion) contaminants, this pH range is necessary to avoid redepositmg hydrogen 

M ^Ttep^s a mn^cLnged particles could then be washed with' water to remove 
excess tonSan^solution. The washing medium would usually be water, to which 
SrLa tddTS»an amounts of potassium hydroxide to adjust and maintain the 
PH wttiTin die ran^ fof7 to 10. Xhing temperatures ^^ ud f n ^ 0 e ~ 
Within the ranee of 100° F. to 200'F. with a temperature of 100°F. to 145°F. pre- 
withm me range or iuv r. ^ manner ^ oQe ^ t 

rf^h wSVf thne dfe waS ste P would generally and preferably be done 
on a tnmtuous flow^e bas^S warer passed 6 through a bed of .the adsorbent 
at a rivThquid hourly space velocity and a temperature for a period of time in 
order mat fan 1 » 5 gallons of water oer pound of starting material would bt : used 
to wish me material. Pfeferred washing-conditions would include usmg hquid hourly 
soace verities from 0.5 to 5, with 1.5 being preferred, to pass from 1 to 5 gallons 
of washwarer per pound of starting material over the ion exchanged adsorbent. ^ 
of wash e ™ ^^ changed particles would then be ion exchanged with an 
aqueous sXto 7 a barium salt in the second step of the two-step «o^xchange 
Sdure to achieve the desired weight ratio of barium to potassium on the finished 
SkSt Preferably an aqueous solution of from 02 to 5 wt.% barium . chloride 
wou^te'iSkd tnm^ghthe particle bed at about 180°F and at a Uquid hourly 
rD^vetoc^offrom 1 fo 5 until the desired degree of exchange had been achieved 
Ate mSium-exchange step had been completed, th^ter-washing step Mjojg 
be repeared, again maintaining a P H of 7 or greater m^ord&Wvent *epo«»M^ 
of formation the hydrogen form of me zeolite. A good indication ^ complete 
washing could be made by quantitatively • testing the effluent wash water for the 
presence of the anion portion of the salt used in the ton exchange ^twn. 

The order of the pot^nm and barium exchanges could , also be reversed mto 
the barium exchange first and the potassium exchange second. It would also be 
possible to employ a single step ion-exchange in which both barmm and P0*wu» 
were placed on the zeolke. The two-step procedure, however, allows more precise 
control of the amount of cations placed on the zeolite. Although this second ion 
eSgef whether conducted in onertep or two, has been 4escribed above m terms 
of porassium and barium it does, of course, equally apply with other pairs of the 

the sodium exchanged particles resulting from the first 
ion exchange'be essentially completely exchanged with a Single canon, 
sium; Sen a procedure like mat of the first step alone of the above described two- 

StCP wTshlteTRmpleted, the wet adsorbent particles will usually con- 

tain from about 30 to about 50 P wt.% volatile matter (water) as measured by loss 
Tignition to 900-C. In this specification the volanle ?aner content of die zeolmc 
adsorbent is determined by the weight difference ^^ ".f^X 
a sample of adsorbent in a high temperature furnace at 900 G. «nto m = 
U stream such as nitrogen for a period of time sufficient .to achieve a comtant we gh . 
The difference in weight, calculated as a percentage of the samples uiiUal weignt, 
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is reported as loss on ignition (LOI) at 900°C. and represents the volatile matter 
prese^ wi^^ adsorbent.^ rf umbam ^ is the drying step to 

reduce the LOT at 900°C. to less than 10 wt.% with the preferred LOI bemg 3 
to 7 wt % After die washing has been completed, the particles can be unloaded and 
dried* a fonS-air oven af temperatures above the boiling point of water but less 
£n 500'C. and preferably 150'C, for a period of time sufficient to remove enough 
water so that the volatile matter content of the wohte is below 10 wtj 0 . Ofcer 
methods of drying may be used which can include drying in the presence of an inert 
crac or under a vacuum or both. t.. 
^ ThTf«d component more selectively adsorbed on the adsorbent is commonly 
referred to as the extract component of the feed mixture, whde the less selectively 
Sed component is referred Z as the raffinate component. To separate die ^ct 
rnrnoonent from a feed mixture containing an extract component and a raffinate 
comlontnt S^mLum* wntacted with the adsorbent and the extract component 
i XT selectiveTadsorbed and retained by the adsorbent while the raffinate com- 
oo£n relatively unadsorbed and is removed from the interstitial void spaces 
£ the S of adsorbent and the surface of the adsorbent The adsorbent 
containing the more selectively adsorbed extract component is referred as a neb 
XSrich in the more selectively adsorbed extract component The extract com- 
pSnU hereafter removed from die adsorbent by methods hereinafter descnbed 
ftSd streams leaving the adsorbent comprising an extract component and wmpn^f 
r^nSeTomponent are referred to, respectively, as die extract stream and the 

^MthouXit is possible by the process of mis invention to produce high purity 
(987 ' or fffater) extract component product at high recoveries it will be appreciated 
ffiat an eS component isWr completely adsorbed by ^TW^maU 
raffinate component completely non-adsorbed by the adsorbent 8 ™f 
amounts of a raffinate component can appear in the extract stream, and^ewise, 
3Tamounts of an extract component can appear in die raffinate s^. The extract 
and raffinate streams then are further distinguished from each other and from die 
feed mbrture by the ratio of the concentration of an extract component 
SffiW component, both appearing in the particular stream. As one specffic ex- 
amok when die adsorbent is used to separate aromauc hydrocarbon if mere, die 
raZ of d^ concentration of the more selectively adsorbed para-isomer tofhe con- 
centeation of the less selectively adsorbed meta-isomer wdl be highest^ 
stream next highest in die feed mixture, and lowest in the raffinate stream. Litewwe, 
Kdo^S selectively adsorbed meta-isomer to the more selectively ad o*ed 
^sorner wiU be highest in the raffinate stream, next highest in the feed mixture, 

aDd SXrbtt^^conS in one or more chambers where through pro- 
eramn^d flow into and out of the. chambers separation of the extract componen 
? ^ZSL The adsorbent will preferably, be contacted with a desorbent material 

wh^ t capSe ofd^dn^ ^-'ftfe^SE 
Ttream comprising the extract component and desorbent material will then be wiA- 
Snf mm die adsorbent and the desorbent material separated thereby leaving high 
S Set comp^t Alternatively, the extract component couW be removed from 
the "adsorbent by purging or by increasing the temperature of the adsorbent or by 
£rS| ffie pre^ure If the chamber or vessel containing the adsorbent or by a 

combination Y d - m 4c form of a dense compact fixed bed 
whidPfs dE^f^cS^ the feed mixture and. a desorbent. material 
nSELta? dSed I hTmore detail). In the simplest embodiment of the invention 
me a£Aenft eSoyld Z the form of a single static bed in which case the precess 
konW SionttauoiTA set of two or more static beds may be employed in fixed- 
^ cLSi with appropriate valving so that the feed mixture « passed through 
one c^more adsorbent beds whde the desorbent material is passed I ffirough one or 
more of the other beds in the set. The flow of feed mixture and desoibent material 
Zfbe eXer up or down through the desorbent. Any of the conventional apparatus 
Soved in static bed fluid-solid contacting may be used. Countercurrent movmg-bed 
cu mulated countercurrent moving-bed liquid flow systems, however, have a much 
area er separation efficiency than fixed adsorbent bed systems and are therefore 
P re £ red.T ^"movmg-bed or simulated moving-bed processes *e "dsorpuonjmd 
Etion operations are continuously taking place which aUows both cononuous 
ptoauction ofan extract and a raffinate stream and the continual use of feed and 
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desorbent streams. One preferred processing flow scheme which can be utilized to 
S *e process of this invention includes what is known in the art as the simulated 
moving-bed countercurrent system. The general operating sequence of sucl a flow 
svstem is described in U.S. Patent 2,985,589 issued to D. B. Broughton, and more 
JScaty WS. Patents 3,556,5*9; 3,556,732; 3,626020; 3^3 638 s rf 
3*686,342. These patents describe the processing sequence of the 2,985,589 ^ patent 
employed in particular simulated moving*ed counter-current sohd-flu.d contacung 
pSes. The processing sequence disclosed in these patents as the preferred mode 

° f <<S^3S8ZJF^^ m Tse the adsorbent produced by the 
method of this invention is a process for separating an extract component from a 
£ed mixture containing an extract component and a ^raffina te componen t - 
eenerallv employs the operating sequence described in U.S. Patent 2,985,58s ana 
£3 rSmSthe step! of: contacting the feed ntixture widi the. speedy prepared 
XrbemTt adsorption conditions to effect the selective adsorption of the extract 
comSnt from the feed mixture, withdrawing from the bed of adsorbent a raffinate 
2? citing the adsorbent with a desorbent material « d^sorption^conditions 
todtect desorption of the extract component from the adsorbent; and, withdrawing 

m '^^JTiXtn^Uor* for adsorptive separation processes can 
E ener1flyTek« in l th7liquid or vapor phase or both but for aromatic .somer 
SSon proves employing zeolitic adsorbents all Hqu.d-phase^muons are 
Sually preferred because of the lower temperature requirements and the ^ shghdy 
taprovel wlectivities associated with the lower temperatures. Preferred adsorpnon 
coSons for the process of this invention will include temperature w^^jTW 
from 100°F. to 450°F. and will include pressures in the range from atmospheric 
to 500 life Pressures higher than 500 psig. do not appear to affect the : selectivity 
o a measu^Me amounfand additionafiy ^ould increase die cos. : of *e process 
resorption conditions for the process of. the invention shall generally include tite 
*2me range of temperatures and pressures as described for adsorption operations The 
d^rption of dTe Actively adsorbed isomer could also be effected at subatmosptoK 
jWttes or elevated temperatures or both or by vacuum purging of the adsorbent 
ITremove the Xbea isLer but this process is not directed to these desorption 

^Tte desorbent materials which can be used in the various processing schemes 
employmg ti^srisorbent will vary depending on the type of operauon employed 
The term "desorbent material" as used herein shall mean any fluid substance capable 
of removing a selectively adsorbed feed component from the adsorbent In the swing- 
Sd svShV which the selectively adsorbed feed component is removed from the 
adsoSby" purge stream desoibent materials comprising gaseous hydrocarbons such 
as metiTanfeS, etc., or other types of gases such as nitrogen or hydrogen may 
bt ^^t'devared temperatures ofreduced pressures or both to effectively purge 
the adsorbed feed component from the adsorbent. 

However, b adaptive separation processes which employ zeohtie adsorbents and 
processes wh eh are generally operated at substantially constant pressures and tem- 
pi™ T^ure Uquid phase, ihe desorbent material relied upon must b* Judiciously 
Sed to satisfy several crireria. First, the desorbent material must displace die 
adsorbed feed component from the adsorbent with reasonable mass flow rates widiout 
i£ff teingTo strongly adsorbed as to unduly prevent the extract component from 
Sacing the desoibent material in a following adsorption cycle -Secondly ^.desorbent 
maKs must be comparable with the particular adsorbent and the particu ar feed 
Sre More specificity, they must not reduce or destroy the crmcal selectivity 
Ttte^dsoAent for the extract* component with respect to die raffinate .components. 

De»ibent material should additionally be substances which are easily separable 
from mfS mixture that is passed into the process. In desorbing the preferentially 
Sbed component of the feed?both desorbent material and the extract component 
are removed hV admixture from the adsorbent Without a method of separat.on such 
as distillation of these two materials, the purity of the extract component of the feed 
stock would not be very high since it would be dduted with desoifaent r is dierefore 
contemplated that desorbent materials used in processes employuig adsorbents i pre- 
pared by this method wiU have a substantially different average boding point .than ^tha 
of die feed mixture. The use of a desorbent material having a substantially differen 
Average boilSg point than that of the feed allows separation of desorbent . material 
from feed components in the extract and raffinate streams by . simple fracuonation 
thereby periSg reuse of desorbent material in the process. The term "substantially 
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different" as used herein shall mean that the difference betwen the average boding 
noints between the desorbent material and the feed mixture shall be at least 15 r. l« 
Eg range of the desorbent material may be higher or lower than that of the 

feCd taf canicular process which can employ adsorbents prepared by the method of 
mv invention is a process fox the separation of fructose from glucose in a mucmre 
mei^f The preformed adsorbent material for such process is a calcium exchanged 
Y zeolite and a suitable desorbent is water. Another adsorption process is one lor 
the separation of the paraisomer from a hydrocarbon feed mixture comprising at 
least roo bi-alkyl substituted aromatic isomers, including the paraisomer, the isomers 
havine from 8 to 18 carbon atoms per molecule. , 

Feed mixtures to this process wUl contain alkyl substituted monocyclic hydro- 
carbon isomers characterised by Formula 3 below: 

Formula 3. 




t. r> o p and r are alkvl chains in a manner to allow an essentially bi- 
£fsub£m5on at'ekher o^ra-isomer positions. The R substitutional 
^pfcThS alkyl groups ranging from mc ^ fSg £ 

indudine chains having 11 or less carbon atoms per molecule, ine autyi siae ^uuuu 
™ be bodi formal and branched in nature and are preferably saturated chams. 
Soedfic representative compounds which can be utilised as feedstocks m this 

>rti :riI P ' include those feedstocks containing the xylene isomers and ethyl- 
KS^ff*? v^ouT iSners of methylethylbenzene 

toS (cvmene), the methylpropytbenzenes, ethylpropylbenzenes, memy^tylben- 
™ emSSfcenzene, mpropylbenzenes, methylpentylbenzene, and wmbmanons 
fwnf The above list onlv represents a small fraction of compounds whose isomers 

^miZm^ STu* impounds m «W* *t *• »<»>*=« « •* ?>«» 

i^<£ '«SiSi»«lo» of proton fon> thU pto«* 

ferably the above-mentioned contaminants should be less man aoouc zu/ 0 01 ui 
r^Sftd' dfJb^mSSiaS fKTin this process are those comprising toluene 
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and diethylbenzene; Mixtures of these compounds with paraffins are also effective 
as desorbent materials. Such paraffins must be cbmpatable with the particular ad- 
sorbent and feed mixture as described above and^ must be easily separable from the 
feed mixture. The paraffins can include straight or branched chain paraffins or 
cycloparaffins which meet these criteria. Typical concentrations of toluene or diethyl- 
benzene in mixtures of same and a paraffin can be from a few volume percent up to 
near 100 voL% of the total desorbent material mixture but such concentrations 
preferably will be within the range of from about 50 vol. % to about 100 vol.% 
of the mixture. . , 

The improved adsorbent produced by the method of the invention can be better 
understood by brief reference to certain adsorbent properties which are necessary 
to the successful operation of a selective adsorption process. It will be recognized 
that improvements in any of these adsorbent characteristics will result in an improved 
separation process. Among such characteristics are: adsorptive capacity for some 
volume of an extract component Der volume of adsorbent; the selective adsorption 
of an extract component with respect to a raffinate component and the desorbent 
material; sufficiently fast rates of adsorption and desorption of the extract component 
to and from the adsorbent; and,in instances where the components of the feed mixture 
are very reactive, little or no catalytic activity for undesired reactions such as poly- 
merisation and isomerisation. , - 

Capacity of the adsorbent for adsorbing a specific volume of an extract com- 
nonenL is of course, a necessity; without such capacity the adsorbent is useless for 
adsorptive separation. Furthermore, the higher the adsorbent's capacity for an extract 
component, the better is the adsorbent. Increased capacity of a particular adsorbent 
makes it possible to reduce the amount of adsorbent needed to separate the extract 
component contained m a particular charge rate of feed mixture. A reduction in 
the amount of adsorbent required for a specific adsorptive separation reduces the 
cost of the separation process. It is important that the good initial capacity of the 
adsorbent be maintained during actual use in the separation process over some 
economically desirable life. ' " 

The second necessary adsorbent characteristic is the ability of the adsorbent to 
separate components of the feed; or, in other words, that the adsorbent possess 
adsorptive selectivity for one component as compared to another component. Some 
adsorbents demonstrate acceptable capacity but possess little or no selectivity. Relative 
selectivity can be expressed not only for one feed mixture component as compared to 
another but can also be expressed between any feed mixture component and .the 
desorbent. The relative selectivity, (B), as used throughout this specification is defined 
as the ratio of two components of an adsorbed phase over the ratio of the same 
two components in an unadsdrbed phase at equilibrium conditions. 

Relative sdectivity is shown as Equation 1 below: 

Equation 1. 

[voLpercent C/voLpercent D] A 

Selectivity = (B) = — ~ TT 

[voLpercent C/voLpercent C] U 

where C and D are two components of the feed represented in volume percent and 
the subscripts A and U represent the adsorbed and unadsorbed phases respectively. 
The equilibrium conditions were determined when the feed passing over a bed of 
adsorbent did not change composition after contacting the bed of adsorbent. In other 
words, there was no net transfer of material occurring between the unadsorbed and 
adsorbed phases. « • r • i 

Where selectivity of two components approaches 1,0 there is no preferential 
adsorption of one component by the adsorbent with respect to the other, they are 
both adsorbed (or non-adsorbed) to about the same degree with respect to each other. 
As the (B) becomes less than or greater than 1.0 there is a preferential adsorption 
. by the adsorbent for one component with respect to the other. When comparing the 
selectivity by the adsorbent of one component C over component D, a . (B) larger than 
1 0 indicates preferential adsorption of component C within the adsorbent. A (B) less 
than 1.0 would indicate that component D is preferentially adsorbed leaving an un- 
adsorbed phase richer in component C and an adsorbed phase richer in component 
D. Desorbent materials ideally would have a selectivity equal to about 1 or slightly 
less than 1 with respect to an extract component 

The third important characteristic is the rate of exchange of the extract com- 
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nonent of the feed mixture material or, in other words, the relative rate of desojuon 
of fhe extract wm^nt. This characteristic relates directly to the amount of de- 
sorbent m^h\2TZt be employed ia the process to recover the extract eoa- 
pS f»m the adsorbent, faster rates of exchange reduce the amount f J«orixnt 
material needed to remove the extract component and therefore permt a reducumi m 
creatine cost of the process. With faster rates of exchange, less desorbent material 
fas K pumped process and separated from the extract stream for reuse 

m ^Th^aSo'rbents produced by the method of this invention not only have good 
capaclj anJ gS sSty but have faster transfer rates than do any adsorbents 

QOt ff£ ScSary "*5°rhe adsorbent possess, little or no catdyticactiv^ = d 
anv reaction such as polymerisation of isomerisation of any of the feed components 
Su^ch lctivfty might tfeTadsorbent capacity or selectivity or product yieUs or aU 
f Z the feed mixture contains relatively stable components, such as the 

£££ mis is generally not a f^ 1 ^^"* 

feed mixture contains very, reactive components such as the pmene isomers or 
butadiene, this adsorbent property is of considerable importance. 

to or^r to test various adsorbents and desorbent materials with .a particuhr .feed 
mivn^ to measure the adsorbent characteristics of adsorptive capacity and selectivity 
^^h^raT a dynamic testing apparatus has been employed. The apparatus 
SLST^XaSt chamber of approximately 70 cc volume having mlet.and 
S iTeSte ends of the chamber. The chamber is. contained widun 
r^olrwurc con^lEKans and, in addition, pressure control equmment is used i to 
on^tfth^ diSr at a constant predetermined pressure. Chromatograph.c analysis 
eSmem c^ amcnW to the Outlet line of the chamber and used to analyse 
the effluent stream leaving the adsorbent chamber. _ ....^ 

A Se testTperformed using this apparatus and the following general procedure, 
is usedtode«n^be selectivities^and other data for various adsorbent _ system^ .The 
Ldso^nt is fih™to equilibrium with a particular desorbent material by passing the 
dSorbent maS tough the adsorbenrchamber At a 4 convenient .time, a pulse 
of feed S taowT :oncentrations of a non-adsorbed tracer and of an extract 
id^t™ponent aU diluted in desorbent material J mject^ ^extr^ana 
of several rmnuteT Desorbent flow is resumed, and the tracer and the extract ana 
raffing components are eluted as in a liquid-solid chromatographic • °£ra«oi u The 
fS ^analysed by on-stream chromatographic equipment and traces of the 

^i^SCtfcLtSc tracs adso^t 
H«o^rionJrL attract component by the desorbent material The capacity index 

m \c further evaluate promising adsorbent, systems and to translate {JWjJ 
data into a practical separation process requires actual testing of the best system 

• J^La \t L onTindS. all active positions will be advanced by one bed. This 
SS^bS. tod h?? 5 S=p«.tt»» .f C tam«ta b, M»P»f 'J *■ I- 
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deRosset, R. W. Neuzil, A. J. Korous/ and B a . Rosback P^cd at the American 
Chemical Society, Los Angeles, Canforma, March 28 — April 2, 1971. 

The S performance of these specially prepared adsorbents which was in- 
dicated by me pulse test results was confirmed by continuous testing in this device. 

Tht : examples shown below are intended to further illustrate the method of 
this mvention and adsorbents produced thereby. The examples present pulse test 
resul^for various adsorbents produced by the method of the invention. 

EXAMPLE I. . • 

This example presents retention volume ancT selectivity ™£*J^*J™£ 
pulse tests of litose-aldose mixtures with seven X zeolite : adsorbents. The specific 
crystalline aiuminosilicate adsorbents of this example (apart from die control adsorbent 
SSTi^Na-cxchangpd) were prepared by the method of this invenuoa 

%oT^Ullmch ^Ltt containing Linde type 13X zeolite (UNDE is a 
.RtfSTr r«L mS) was ground to produce 1.6-40 U.S. Standard Mesh particle 
size material having chemical and physical propernes as shown in Table 1 below.. 

TABLE NO. L 
Properties of the Starting Material. 
Chemical Properties • , 9 

Volatile Matter (loss on ignition @ 90O C), wt.% « 
SiO* (volatile free) wt.% 
Al 2 O a (volatile free) wt.% 

NaaO (volatile free) wt.% • <5v 

Na 2 0/A1^0 a 2 56 

Sr0 2 /Al a O, "° 

Physical Properties n 

Apparent Bulk Density, gm/cc <no 

Surface Area, m 2 /gm JU Y n 

Pore Volume, ml/gm Jf 5U 

Pore Diameter, A o. 

Area % faujasite (X-ray) ~ <. 

SiOa/Al^ (X-ray) zo 

One hundred pounds of the granular starting material was loaded into an ion 
exchanS tower agakist an upward flow of 1.6 wt.% NaOH solution at a rate such 
£d?c£nc Wrature^id not exceed ^^/^^^^ 
loaded, the material was ion exchanged by passing the 1.6 wt./ NaOH 
uXw through the ion exchange tower- at a liquid hourly space velocity of 1.5 and 
.PEnSKtf 200-R until a total of 0335 pounds of NaOH pa : poind of 
volatffc&ee ine material had been passed through the tower. After this first on. 
^ilr^iT^s water-washed^to remove excess NaOH solution by passmg 
treated water, having a pH of 9, upfiow through the tower at 1.5 LHSV and 140 F. 
to a toll of 1.3 gallon! of water per pound of volatile-free starting material Test 
samples of particles removed after this wash had the properties as shown in Table 2 

bdow:— TABLE NO. 2. 

Properties of the Sodium-exchanged Material. 

Chemical Properties 

Volatile Matter (loss on ignition @ 900°C), wt.% 
SiO a (volatile free) wt.% 

Al*Os (volatile free) wt.% *f* 

Na 2 0 (volatile free) wt.% 

Na 2 O/Al 2 0, 

Si0 2 /Al 2 O s z ° 4 

Physical Properties . 

Apparent Bulk Density, gm/cc ci* 
Surface Area, m 2 /gm - a?7 
Pore Volume, ml/gm Y 

Pore Diameter, A f ' 
Area % faujasite (X-ray) ,f , 

Si0 2 /Al a 0 8 (X-ray) " 



12 1,589,213 



The second ion-exchange conditions were then effected separately to P r °ducc 
essentially completely exchanged X zeolites with the cations of metals K, Cs, Mg, 
Ca, Sr and Ba+Sr by the one and two-step procedure previously described 
(Na-X = unexchanged 13X sieves for a control test). . 

The ion exchanged and washed materials were then dewatered, unloaded from 
the ion exchange tower, and dried in a forced air oven at 570°F. to a volatile content 
of about 2.0 wt.% ., 

The general pulse-test apparatus and procedure have been previously descnbed. 
The adsorbents were tested in a 70 cc coiled column maintained at 55°C. and 4.4 
atmospheres absolute pressure, and using pure water as the desorbent material. The 
sequence of operations for each test was as follows: Desorbent matenal (water) was 
continuously run through the column containing the adsorbent at a nominal liquid 
hourly space velocity (LHSV) of about 1.0. At a convenient time desorbent flow 
was stopped, a 4.7 cc sample of 10 wt.% fructose in water was injected into the 
column via a sample loop, and the desorbent flow was resumed. The emergent 
sugar was detected by means of a continuous refractometer detector and a pea* 
envelope trace was developed. Another pulse containing 10 wt.% glucose was 
similarly run A saturated water solution of benzene was also injected to serve as 
a tracer from which the void volume of the adsorbent bed could be determined. 
Thus, for each adsorbent tested, three peak traces were developed, one for glucose, 
one for f ructose and one for benzene. The retention volume for glucose is calculated 
■by measuring the distance from time zero or the reference point to the midpoint 
of the glucose peak and subtracting the distance representing the void volume ot 
the adsorbent obtained by measuring the distance from the same reference point to 
the mid-point of the benzene peak. For some adsorbents both the fructose and glucose 
peaks were essentially on top of the benzene peak envelope mdicating that both 
monosaccharides were relatively unadsorbed by the particular adsorbents m the 
presence of water. The selectivity of an adsorbent for fructose with respect to glucose 
is the quotient obtained by dividing the fructose retention volume by the glucose 
retention volume. The results for these tests are shown in Table No. 3 below. 

TABLE 3 

Selectivities of Various Adsorbents for Fructose with Respect to Glucose 



Test 


Adsorbent 


Retention Vol. of 
Fructose, cc. 


Retention Vol. of 
Glucose, cc. 


Selectivity 
(B) . 


1 


Na-X 


7.1 


5-0 




2 


K-X 


11.9 


21.6 


0.55 


3 


Cs-X 


Both were relatively unadsorbed 




4 


Mg-X 


Both were relatively unadsorbed 




5 


Ca-X 


Both were relatively unadsorbed 




6 


Sr-X 


8.0 


1.3 


6.15 


7 


Ba-Sr-X 


21.3 


4.2 


5.0 



The adsorbents used for tests 1 through 3 were three X zeolites each containing 
at the exchangeable cationic sites cations of metals from Group I A of the Periodic 
Table of Elements. The K—X adsorbent used for test 2 had a "selectivity" of 
0 55 (for fructose with respect to glucose), and therefore actually exhibited selectivity 
for glucose with respect to fructose. The Na-X adsorbent used for test 1 (selectivity 
of 1.42) exhibited selectivity for fructose with respect to glucose, while the Cs-X 
adsorbent used in Test 3 exhibited relative selectivity for neither. A K— Y adsorbent 
produced in a similar manner from Linde type SK-40 zeolite had a selectivity 
of 2.21. 
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The adsorbents used for Tests 4, 5 and 6 were X zeolites containing at ex- 
changeable cationic sites cations of metals from Group IIA of the Periodic Table 
of Elements. Both fructose and glucose were relatively unadsorbed with the Mg-X 
and Ca-X adsorbents used in the presence of water for Tests 4 and 5, respectively, 
but the Sr-X adsorbent used in Test 6 exhibited selectivity for fructose with respect 
to glucose. A Ba-X adsorbent prepared in the same way had a selectivity ot Z.8Z. 
While not definitely established, it is believed that adsorbents comprising X zeolites 
containing at the exchangeable cationic sites a Group IIA cation generaUy become 
less acidic as one moves downward from Period 3 to Period 6 of the Periodic Table 
of Elements in selecting tbe Group IIA cation. Thus, adsorbents comprising Ca- or 
Me-exehanged X zeolites are unsuitable for use in the separation of glucose and fruc- 
tose because they arc more acidic, while adsorbents comprising a Sr-exchanged X 
zeolite are suitable for use in the separation of glucose and fructose because less 
acidic. Adsorbents comprising a Ba-exchanged X zeoUte would also be stiittble. 

The adsorbent used for Test 7 was an X zeolite containing at exchangeable 
cationic sites the cation pair Ba and Sr. The B^V^ 0 ^' Tn 5ft 5 
exhibited fructose-torglucose selectivity less than the Sr-X adsorbent used in lest 3 
but higher than a corresponding Ba-X adsorbent. 

EXAMPLE n. 

This example illustrates the ability of adsorbents manufactured by the mediod 
of the instant Invention to separate a ketose from an aMore when <£F*^ £ £ 
nrtferred embodiment which utilizes a continuous, simulated-moving bed, counter 
cunem-flow^SS ™tem. Specifically, the example presents test results obtained 
^TaS blend of fructosVand glucose and some higher saccharides.* water 
w2 oroS ushig a Ca-Y adsorbent prepared by the method of this mvenoon 
Ld wattf S a Sbent material in a pVplant-scale testing apparatus (described 

In ^eSt^eSact output streams were coUected and analyzed for fructose 
and ScoTconcentrations by chromatographic analysis but no ^^^^ 
to remove the dionized water desorbent material deionized H 2 0 from them, fructose 
4JTwL deterS by calculating the amount of fructose "lost" to the ramnate 
s^itnTdettrS this y quantity Is. a percentage of the fructose fed to the unit 
oveTa toown period of time and subtracting this percentage from i 100 percent- 

Thffced was processed as a 50% sugar solution in water. The solids content 
of thetod was 52«/fgCS 42% fructose and 6% higher saccharides. The operating 
temperature was 60°C The fructose purities (as a percent of total sugars present) 
extract output stream, and the fructose yields, are shown below in Table 4. 
(Pressure used was 10.5 atms. gauge) 

TABLE 4 

Extract Stream 
Test Fructose Purity, % Fructose Yield, % 



' i 


. 97 


10 


2 


94 


49 


• 3 - 


92 


65 


4 " 


87 


83 


:■ 5 


84 


88 


6 


80 


90 



Bv wav of illustration, analysis of the extract and the ramnate streams at one 
point InZ fruSose^riWeircurve, 85% fructose yield point, were as shown 
in Table 5 below. 
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TABLE 5 

Extract and Raffinate Stream Analysis at the 85% Yield Point 



Extract Stream Raffinate Stream 



% Fructose 


8813 


10.7 


% Glucose 


11.7 


79.5 


% Higher Saccharides 


Trace 


9.8 


% Sugars 


14.9 


13.3 



The Ca-Y zeolite adsorbent, then, is an effective adsorbent for the relative 
separation of the fructose and glucose fractions. 

EXAMPLE III. 

5 This example illustrates the ability of adsorbents manufactured by the method 

of the instant invention when utilized in a continuously simulated moving bed counter- 
current type of operation to separate ethylbenzene in high purity at high recovery 
from a feed containing ethylbenzene at a concentration equal to or less than that of 
para-xylene. 

10 The example presents test results obtained with Ga-X, Sr-X, and Sr-K-X 

adsorbents manufactured by the method of the instant invention in a pilot plant 
scale testing apparatus known as a carousel unit described in detail in U.S. Patent 
3,706,816. Briefly, the apparatus consists essentially of 24 serially connected adsorbent 
chambers having about 44 cc volume each. Total chamber volume of the apparatus 

15 is approximately 1,056 cc. Operating temperature and pressure during the tests were 

150°C and 11 atmospheres, respectively. The desorbent material used was toluene. 
Four feed materials were used, two of them having ethylbenzene concentrations 
considerably higher than the para-xylene concentrations and two of them having 
ethylbenzene concentrations about the same or less than the para-xylene concentrations. 

20 The analyses of the feed materials used are shown in Table 10 below. 

The adsorbent comprising Ca-*ype X zeolite was linde TOX Molecular Sieves 
of approximately 20—40 U.S. Mesh particle size range manufactured by the method 
of the instant invention. (LINDE is a Registered Trade Mark). Specifically, the 
adsorbent comprising Sr-type X zeolite was prepared from Linde 13X Molecular 

25 Sieves in the following manner. A 2.1 litre sample of Linde 13X Molecular Sieves 

in approximately 20—40 U.S. Mesh particle size range was loaded into an ion 
ex chang e tower against an upward flow of 1.6 wt.% NaOH solution at a rate such 
that the effluent temperature did not exceed 145 °F. After all of the material was 
loaded, the material was ion exchanged by passing the 1.6 wt.% NaOH solution 

30 upflow through the ion exchange tower at a liquid hourly space velocity of 1.5 and 
a temperature of 200°F. until a total of 0.335 pounds of NaOH per pound of volatile- 
free starting material had been passed through the tower. Subsequently, the material 
was washed with 5 litres water at 60° C. The ion exchange was made by pumping. 
62 litres of 0.075 M Sr+ + upflow at 1.3 litres/hour and 60°C The void volumes 

35 were flushed downflow with 2 litres of deionized water at 25°C followed by upflow 

. washing for 2 hours at 2 litre/hour and 45°C After surface drying the exchanged 
material the adsorbent was further dried in a muffle furnace starting at 25°C and 
increasing the 500°C in 1/2 hour. The drying was continued at 500°C for 1/2 
hour. The adsorbent analyzed 40.85 wt.% SiO a , 29.74 wt.°/ 0 Al*O a , 0.98 wt.% 

40 Na 2 0, and 25.8 wt.% SrO. Based upon the alumina analysis, the adsorbent was 

90.8 mole % exchanged. The adsorbent comprising Sr-K type X zeolite was prepared 
from Linde 13X Molecular Sieves in the following manner. A 1.0 litre sample of 
the Sr-exchanged material which was prepared in accordance with the method des- 
cribed above was ion exchanged with potassium by recycling 5 litres of 0248 M K + 

45 solution at a flow rate of 2 litres per hour over the sample at 50°C for 40 hours. 

The void volumes were flushed downflow with 2 hues of 25 °C deionized water 
followed by upflow washing with 2 litres deionized water in 1 hour and another 2 
litres in 2 hours all at 60°C. After surface drying the exchanged material, the 
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adsorbent was further dried in a muffle furnace starling at 25 °C and increasing 
to 500°C in 1/2 hour. The drying was continued at 500°C for 1/2 hour. The 
adsorbent analyzed 42.63 wt.% Si0 2 , 29.16 wt.% A1 2 0„ 1.04 wt.% Na 2 0, and 
21.10 wt.% SrO, and 4.40 wt.% K 2 0. Based upon the alumina analysis, the adsorbent 

5 was 91.8 mole % exchanged. The apparatus was loaded first with the Ca-X adsorbent 5 

and then the Sr-X adsorbent and then the Sr-K-X adsorbent. After each loading, 
the adsorbents were then dried for 20 hours with 2.5 gm mol/hr of vapour phase 
toluene at 150°C and atmospheric pressure. After the drying the adsorbent was re- 
hydrated to known water contents by passing wet nitrogen from a water bubbler 

10 over the adsorbent beds. 10 

Two tests with each adsorbent were run, one with a feed having a relanvely 
high concentration of ethylbenzene with respect to para-xylene and the other with 
a relatively low ethylbenzene concentration. The six tests, run at continuous steady- 
state conditions* were performed to determine the ethylbenzene purity and recovery 

15 relationships obtainable with feed material having relatively high and low ethylbenzene 15 

concentrations. "Recovery" is determined by calculating the amount of ethylbenzene 
which is lost through the extract stream, determining this quantity as a percentage of 
the ethylbenzene fed into the process and subtracting this percentage from 100 percent. 
Recovery then presents the percentage of ethylbenzene fed to the process which is not 

20 lost to the extract stream. Distribution of the Q aromatics in the feed, extract and 20 

raffinate was determined by gas chromatography. The test results are shown in Table 
10 below. 

TABLE 10 
Carousel Test Results 



Test 


1 


2 


3 


4' 


5 


6 


Adsorbent 


Ca-X 


Ca-X 


Sr-X 


Sr-X 


Sr-K-X 


Sr-K-X 


Feed 














Distribution of 
C, Aromatics 
e, vol. % 
p, vol. % 
m, vol. % 
o, vol. % 


32.0 
14.3 
33.3 
20.4 


20.0 
20.5 
44.2 
15.3 


29.2 
18.0 
39.8 
13.0 


17.0 
20,9 
47.4 
14.7 


21.6 
16.8 
47.2 
14.4. 


19.3 
19.7 
46.0 
15.0 


Extract Stream 














Distribution of 
C, Aromatics k 

e, vol. % 

p, vol. % 

m, vol. % 

o, vol. % 


2.8 
19.7 
48.1 
29.4 


12.4 
22.2 
49.9 
15.5 


0.7 
23.0 
59.3 
17.0 


0.1 
22.1 
60.8 
17.0 


0.1 
28.2 
52.2 
19.5 


0.3 
26.3 
64.9 
20. 5 


Raffinate Stream 














Distribution of 
C e Aromatics 
e, vol. % 
p, vol. % 
m, vol. % 
o, vol. % 


98.2 
Tr 
0.3 
1.5 


98.7 
0.4 
0.8 
0.1 


98.2 
0.6 
0.8 
0.4 


97.5 
0.2 
2.1 
0.2 


99.2 
0.2 
0.4 
0.2 


99.7 
Tr 
0.3 
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In test 1 ethylbenzene was separated at high purity (98.2 vol%) and at high- 
recovery (98.6%). The deleterious effect of the strongly held toluene desottent 
material has in this test been essentially eliminated because ethylbenzene u at a high 
enough concentration in the feed. The loss of emylbenzene into the extract is shown 
by the results of test 2 where a feed containing an ethylbenzene concentration less 
than that of para-xylene was used. Although the purity was high (98.7 vol. /<>), tne 
Sw rw very low, 34.1%. For tests 3 and 4 with the Sr-X adsorbent and tests 
Tand 6 with the Sr-K-X adsorbent on the other hand, ethylbenzene was separated 
at both high purity and at high recovery for feeds containing both high and low 

ron X^nlf SbeSLi Application No. 6540/76 (Serial No. 1,535,232) 
claims a method for preparing an adsorbent which comprises the steps ot: — W 
cScting a base material confprising Y zeolite with an aqueous sodium hydroxide 
solution it first ion exchange conditions to effect the addition of sodium canons to 
Sd tese m«eriL°; (b) trelting the sodium-exchanged base material at second .ion 
exchange conditions \o effect Essentially complete exchange of the sodium , cauon 
wfch one or more cations selected from potassium, cesium and nibidiim* , *jx 
the sodium cation content is reduced to 2.0 wt.% or less; ^(c) ^drying the so- 
exchanged material to reduce the LOI (loss on ignmon) at 900°C to to than 10 
weight percent It also claims an adsorbent prepared by such a method We make no 
claim herein to such a method or to the adsorbent produced thereby. 

We To make no claim herein to a method of manufacturing a solid adsorbent 

which comprises the steps of:— v „ v _„| ir . . n j ^0,, 

(a) contacting a precursor mass containing type X or type Yxeolite and amor 
pnous material with an aqueous sodium hydroxide solution at first ion exchange 
conditions to effect the addition of sodium canons to ^e.zeohte structure, 

(b) treating the sodium-exchanged mass at second ion exchange condmons to 
effea essentially complete exchange of sodium cations with barium or barium and 

^ taS SrdS S ihr d resulti„g exchanged mass at conditions to reduce the loss on 
i,mir£n atMO'C to less than 10 wt%, nor to an adsorbent produced by such a 
2££ bS^'mind that such a method ^^^^tl^ 
in our copending GB Patent Application No. 19016/74 (Serial No. 1,4&0,5//J. 
Subject to these disclaimers, 

L^LXoa^ mJJufaituring a solid adsorbent which method comprises the 

StCPS (a) : contacting a precursor mass comprising X or Y zeolite with an aqueous 
sodium hydroxide soluuon at first ion exchange conditions to effect the addition of 

"Sting £ £3 mass at second ion exchange conditions to 
/.««-r Vh^sratiallv complete exchange of sodium cations with canons of one or 
fZ Group I A f Group HA, and Group IB of the Periodic 

Tab %f Sn^ material at conditions to reduce the LOI at 900°C to less than 
10 weight percent. ^ ^ ^ i ^ precureor mass has a 

^A'^cdafdtS^ 

include a temperature of from 50°F to 250°F and a sodium hydroxide solunon 
^TZ&S™ S*2dVdL 1 to 3 wherein the sodium exchanged mass 

h4S a 5 WodVc^WanT^ 1 » ^^^Z^JZ 
cond tions include a .pH sufficient to preclude formation of * e hydrogen form of the 
and a remnerature within the range of from 50 F to Z3U r. 
£ A^methK Sdin any of chrims 1 to 5 wherein the precursor mass ; c om- 
nrisesX ST and the sodium cations are essentially completely exchanged in step 
S wim mions of one or more metals selected from hmiu^ r^idium ce^m, 
berymum, magnesium, calcium, strontium, copper, and sdver, with or without potas 
sium and/or barium, or with potassium cauons. 

sium ann/o^Mnum, ^ ^ of ! to 5 wherein the precursor r mass 

comprises Y zeolite and the sodium cations are essentially completely exchMlged 
with cations of one or more metals selected from lithium, beryllium, magnesium, 
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calcium, strontium, copper and silver, with or without potassium, rubidium, cesium 

md ^ T ^method as claimed in claim 1 carried out substantially as hereinbefore 
specincally described or illustrated in any one of the foregoing Examples I to III. 
S 9. A solid adsorbent whenever manufactured by a method as claimed in any 5 

Pre ^^ E An^adsorptive separation process wherein a fluid mixture of chemical | com- 
pounds one of which is selectively preferentially adsorbed by an adsorbent as claimed 
■ in claim 9 is pressed through a bed of such an adsorbent under adsorption conditions 
10 and a fluid stream enriched in a selectively adsorbed or selectively non-adsorbed 10 

component is recovered. 
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